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Three  endophytic  fungi  isolated  from  different  parts  of Hibiscus  sabdariffa  L. were  identiﬁed
using  morphological  and molecular  approaches.  Ethanolic  extract  of  endophytic  fungi  as
well as  plant  extracts  were  evaluated  for in  vitro  antibacterial  activity  by  using  well  diffu-
sion method  and  their  minimum  inhibitory  concentration  estimated.  The  culture  extract  of
one endophytic  fungus  Glomerella  acutata  EF15  was  found  to  be potent  antibacterial  agent
against  pathogenic  coliform  bacteria  Klebsiella  pneumoniae  and  Escherichia  coli responsible
for causing  clinical  mastitis.  Scanning  electron  microscopy  (SEM)  revealed  the  ultrastruc-Endophytic fungi
Scanning  electron microscopy
Ultrastructure
Escherichia  coli
Klebsiella  pneumoniae
Mastitis
tural  alteration  in  the cells  of  K.  pneumoniae  and  E. coli  when  treated  with  crude  ethanolic
extract  of  G. acutata.  The  ethanolic  extract  of  the  endophytic  fungus  revealed  potential  to
be bioprospected  as antibacterial  agent  against  pathogens  causing  coliform  mastitis,  the
existing  havoc  of  dairy  industries.
© 2014  Saudi  Society  of  Microscopes.  Published  by Elsevier  Ltd.  All  rights  reserved.1. Introduction
Medicinal plants constitute a source of both traditional
and modern medicines [1]. About 80% of rural popula-
tion depends on herbal medicine as their ﬁrst line curative
medicine. There are reports on the antimicrobial activity of
the  ethnoveterinary plants [2,3] but no reports are avail-
able  on the antibacterial activity of the fungal endophytes
isolated from these ethnoveterinary plants. Rosselle (Hibis-
cus  sabdariffa L.; Family Malvaceae) also known as Ranga
tengamara in Assamese is mostly used as an ethnoveteri-
nary plant by the local people of Northeast India to treat
various ailments of the livestock [4]. The leaf juice is mostly
fed  to the animal in empty stomach for the treatment of
∗ Corresponding author. Tel.: +91 9436102171; fax: +91 3642550076.
E-mail  address: srjoshi2006@yahoo.co.in (S.R. Joshi).
http://dx.doi.org/10.1016/j.jmau.2014.10.001
2213-879X/© 2014 Saudi Society of Microscopes. Published by Elsevier Ltd. All ridysentery. Several reports on the antimicrobial activity of
the  plant H. sabdariffa have also been reported [5,6].
Escherichia coli and Klebsiella pneumoniae are character-
ized under Enterobacteriaceae family that normally inhabit
the  digestive tract of human and animals but can be trans-
mitted  through contaminated food and water and become a
cause  for enterobacterial infections [7]. The coliform bacte-
ria,  E. coli and K. pneumoniae are also the most common
gram-negative causes of clinical mastitis [8–10]. K. pneu-
moniae is the most common Klebsiella species found to
cause  mastitis. Klebsiella mastitis causes more losses in live-
stock  industry in comparison to the losses made by E. coli
mastitis in terms of milk production and survival [11,12].
E.  coli infections respond well toward the treatment and
take  a shorter time to recover as compared to Klebsiella
infections [8,13].
Endophytic fungi are fungi that colonize living, internal
tissues of various parts of the plants without harm-
ing them [14]. Antimicrobial activity of the natural
ghts reserved.
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roducts from plants have been extensively studied against
ewly  emerged antibiotic resistant pathogens in a view
hat  these new inhibitory agents from natural products
re effective, have low toxicity and have a low environ-
ental impact [15]. Recently endophytes are viewed as
utstanding source of secondary metabolites and bioac-
ive  antimicrobial natural products [16]. The aim of the
resent study was to assess the antibacterial effect of endo-
hytic  fungi isolated from the H. sabdariffa plant. This study
eports  the isolation and antimicrobial potential, against
astitis pathogens, of endophytic fungi associated with
thnoveterinary plant H. sabdariffa used in treatment of
ows,  buffaloes and goats. The antimicrobial effect on the
ltrastructure of the pathogens was evaluated using scan-
ing  electron micrographs.
.  Materials and methods
.1.  Plant collection and isolation of endophytic fungi
Fresh plants (stem, root and leaves) of H. sabdariffa L.
ere  collected from Assam, India under sterilized condition
n  polythene bags. The plant parts were separated and cut
nto  small pieces and washed thoroughly with tap water.
hey  were surface sterilized in 70% ethanol for 3 min, 4%
odium  hypochlorite for 1 min  and again in 70% ethanol
or  3 min  and rinsed twice in sterile distilled water. Sam-
les  were blotted dry with sterile paper towels, then dried
n  laminar air ﬂow and placed on potato dextrose agar
PDA) containing 100 g/ml of streptomycin sulphate to
uppress  bacterial growth. Plates were incubated at 25 ◦C
ntil  the outgrowth of endophytic fungi from the explants
as  observed. The outgrowths were subcultured to pro-
uce  pure culture on PDA plates [17]. All isolates were
aintained in PDA slants and kept at 4 ◦C.
.2. Morphological features
The  endophytic fungal isolates were identiﬁed initially
y  their morphological characteristics such as hyphal fea-
ure,  arrangement of spores and reproductive structures.
.3.  Molecular characterization of the endophytic fungi
Fungal mycelia grown in potato dextrose broth (PDB)
or  more than one week were taken and fungal genomic
NA was extracted using the HiPurA fungal DNA isolation
it  (Himedia) following manufacturer’s instruction. Fungal
DNA-ITS  region was ampliﬁed from the extracted genomic
NA  by using fungal domain speciﬁc primer ITS1F and
TS4R  [18]. PCR was performed in a GeneAmp 9700 Thermal
ycler  (Applied Biosystems, USA) under the following con-
itions,  initial denaturation step at 94 ◦C for 5 min, followed
y  30 cycles of 94 ◦C for 1 min, 52 ◦C for 30 s, and 72 ◦C
or  1 min, with a ﬁnal extension step of 72 ◦C for 10 min.
he  PCR amplicons were excised and puriﬁed using a QIA
uick  Gel Extraction Kit (Qiagen, Germany). The amplicons
ere  sequenced in Applied Biosystems 3700 Genetic Anal-
ser  (Applied Biosystems, USA) with Big Dye Terminator
er. 3.1. The sequences were then compared with the Gen-
ank  database by the BLASTN program. Sequences obtainednd Ultrastructure 3 (2015) 38–43 39
were  then searched for similarity with other deposited
sequences in GenBank. Alignments and phylogenetic anal-
ysis  were performed using MEGA 4.0 software [19].
2.4.  Preparation of plant extract
The collected plants were ﬁrst washed properly with
distilled water and then dried in an oven at 50 ◦C for
72 h with forced air, after which the dried plant were
ground into a ﬁne powder using a clean pestle and mortar.
Dried  sample (approximately 100 g) was  soaked in ethanol
(300  mL)  for 4 days at room temperature (25 ± 2 ◦C) with
an  intermittent stirring to allow the powder to fully dis-
solve  in the ethanol. The mixture was  then ﬁltered through
Whatman No. 1 paper and then the ﬁltrate was  concen-
trated under vacuum using a rotary evaporator. The dry
crude  extracts were then ﬁnally dissolved in dimethylsulf-
oxide (DMSO) to make a ﬁnal concentration of 1 mg/ml and
then  sterilized by ﬁltration using a 0.22 m membrane for
antimicrobial assay [20]. The resultant extract was  kept at
4 ◦C for further analysis.
2.5.  Fungal broth fermentation and preparation of
culture extract
Endophytic fungi were cultured in potato dextrose
broth (PDB) at 25 ◦C for 4 weeks. The mycelia of fungi
were separated from the fermentation broth by ﬁltration.
The  mycelia ﬁltrates were extracted thrice with an equal
volume of 70% ethanol. Ethanol was then evaporated to
dryness  under reduced pressure at 45 ◦C using a rotary
evaporator to obtain the crude extract [21] of the mycelial
product. The dry crude extracts were then ﬁnally dissolved
in  dimethylsulfoxide (DMSO) to make a ﬁnal concentra-
tion of 1 mg/ml  of stock solution which was further used
for  antimicrobial assay.
2.6.  Antimicrobial assay using well diffusion method
The crude ethanolic fungal extracts were screened for
antimicrobial activity against two  pathogenic coliform
bacteria K. pneumoniae and E. coli isolated from bovine
mastitis samples which were collected from College of Vet-
erinary  Science, Assam. The test organisms were grown
overnight at 37 ◦C in brain heart infusion broth. The antimi-
crobial assay using the crude extract was carried out on
Mueller  Hinton agar medium plates. One milliliter of inocu-
lum  was  swapped on molten agar plates. Using the sterile
cork  borer 7 mm wells were made in the plates in which
50  L of fungal extract was  loaded. The control well was
loaded with DMSO. The plates were incubated for 24 h at
37 ◦C and then were observed for zone of inhibition [22].
2.7. Determination of minimal inhibitory concentration
Minimum inhibitory concentration of all the fungal
extract and plant extract were done by using microtiter
broth dilution technique of Keskin et al. [23] with minor
modiﬁcation. A sterile 96 round-bottom well plate was
used  and was labeled properly. Crude extract of vol-
ume 100 L was added into the ﬁrst row of the plate.
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Table 1
Antimicrobial activity of endophytic fungal plant and the host plant
extract by well diffusion method measured as zone of inhibition (mm).
Fungal isolates and the host plant Test organisms with growth
inhibition  zone
Klebsiella
pneumoniae
Escherichia coli
Aspergillus niger EF 13 ++ +
Corynespora cassicola EF14 + ++
Glomerella acutata EF15 +++ +++
Hibiscus subdarifa L. ++ ++
+ indicates inhibition zone between 12 and 14 mm;  ++ indicates inhibition
zone between 14 and 18 mm;  +++ indicates inhibition zone between 18
and  22 mm.
Table 2
MIC  values of the crude ethanolic extract of endophytic fungi and the shot
plant.
Fungal isolates and the host plant MIC (mg/ml)
Klebsiella
pneumoniae
Escherichia coli
Aspergillus niger EF 13 0.083  ± 0.021 0.33 ± 0.08
Corynespora cassicola EF14 0.25 ± 0.00 0.20 ± 0.04140 A. Nath, S.R. Joshi / Journal of Micr
To rest of the wells, 50 L of potato dextrose broth was
added and then serial dilutions were performed using a
micropipette (A1–A10). Then, 50 L of broth containing
bacterial suspension (106 cfu/mL) was added to each well.
Single  antimicrobial extract in progressive dilutions was
added  in each column of wells. Each plate had a set of both
growth  (A11) and sterility control (A12). Plates were sealed
with  paraﬁlm and placed in an incubator at 37 ◦C for 24 h.
After  incubation, 10 L of 0.2% 2,3,5-triphenyl tetrazolium
chloride (TTC) solution was added to each well. The plates
having  TTC were then incubated at 37 ◦C for 1 h. A visi-
ble  color changes from purple to pink, indicated growth
of  microorganism and were recorded as negative. The MIC
value  of the extract was  taken as the lowest concentration
that showed no microbial growth.
2.8. Scanning electron microscopic analysis
Mastitis pathogens (K. pneumoniae and E. coli) having
susceptibility to growth in presence of fungal extract were
analyzed  under scanning electron microscope (JSM-6360,
Jeol) for their ultrastructural deformities implicated on the
cells.  Test organisms were treated with 4× concentration
of the MIC  of the fungal extracts and kept under overnight
incubation at 37 ◦C. Then the cells were pelleted after cen-
trifugation at 8000 rpm for 15 min. The pellets were then
washed with PBS pH 7.3 several times to remove the debris
and  ﬁxed in 2.5% glutaraldehyde in 0.1 M cacodylate buffer
(pH  7.2) for 4 h. Glutaraldehyde was drained carefully and
placed  in three consecutive 1 h washes of 0.1 M cacodylate
buffer. The samples were dehydrated with acetone series
(50%,  70%, 80%, 90%, 95% and 100%) and the drying was
done  with TMS  (trimethyl silane). Cells were immersed in
TMS  for 10 min  in two changes at 4 ◦C and are brought to
room  temperature for drying. Finally, samples were sput-
ter  coated with a thin layer of gold–palladium and scanned
under SEM.
3.  Results
3.1. Isolation and identiﬁcation
A  total of eight isolates were isolated from different
parts of the plant H. sabdariffa L. most being isolated from
the  leaf segments. The colony morphological trait of the
isolate  such as hyphal features and arrangement of spores
were  used for the tentative identiﬁcation. Molecular char-
acterization was considered for conﬁrmatory identiﬁcation
of  the isolate in which rDNA-ITS region was ampliﬁed, the
sequence  data was aligned using BLAST and the endophytic
fungi were found to be closest homolog of Aspergillus niger
(EF13),  Corynespora cassicola (EF14) and Glomerella acutata
(EF15).  The ITS sequences for the fungi were deposited to
NCBI  and accessions obtained as KF928291, KF928292 and
KF928293  respectively (Fig. 1).
3.2. Antimicrobial screeningThe  crude ethanolic extract of different endophytic
fungi along with the plant extract was evaluated for the
antimicrobial efﬁcacy against two clinically signiﬁcantGlomerella acutata EF15 0.021 ± 0.005 0.016 ± 0.00
Hibiscus subdarifa L. 0.032 ± 0.00 0.16 ± 0.041
animal pathogens. Among the eight isolates, only three iso-
lates  showed potent antimicrobial activity. Crude ethanolic
plant  extract also showed the antimicrobial activity. The
fungal  isolate EF15 showed the highest antimicrobial activ-
ity  against both the tested animal pathogen followed
by plant extract and the fungal isolates EF13 and EF14
(Table 1). The control well with DMSO did not show any
zone  of inhibition.
3.3.  Minimum inhibitory concentration (MIC)
All active extracts showing potent antimicrobial activ-
ity  were further determined for their MIC  by a microtiter
broth dilution technique. The ethanolic extract of the fun-
gal  isolate EF15 showed MIC  of 0.021 ± 0.005 mg/ml  and
0.016  ± 0.00 mg/ml  for K. pneumoniae and E. coli respec-
tively (Table 2), which showed its efﬁcacy as a potent
antimicrobial. The ﬁndings of the MIC  corroborated with
the  results obtained for well diffusion assay during primary
screening.
3.4.  Scanning electron micrographs
The antibacterial effect of the isolate EF15 on K. pneumo-
niae and E. coli was  prominent on the cellular ultrastructure
as revealed by scanning electron micrographs. The treat-
ment  of the mastitis pathogens with 4× concentrations
of the MIC  value of the fungal extract of EF15, the cells
became sticky and shrunken when compared to control
cells  (Figs. 4 and 5). The normal pathogenic bacterial cells
without any treatment revealed normal rod shape cell
structure with smooth and regular surface without any
shrinkage or cavity formation (Figs. 2 and 6). The treated
bacterial cells showed multiple deformities and cells
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er  of cavity formation (Figs. 3, 4, 7–9).
. Discussion
Drug resistance among microbes has become a global
oncern and there is an urgent need to develop new
ntimicrobial agents [20]. Endophytes are known to be a
ource  of bioactive and pharmacologically active metabo-
ites  and an increasing number of novel compounds are
eing  isolated from endophytic fungi [24]. The traditional
thno-veterinary medicinal practices are mostly followed
y  the rural folk for the management of most of the vet-
rinary diseases. Our study on H. sabdariffa L. showed the
resence  of the fungi A. niger, C. cassicola and G. acutata
ig. 2. Scanning electron micrograph of normal Klebsiella pneumoniae
ells showing normal morphology.ther related fungal species based on rRNA-ITS sequence similarity.
which are ﬁrst time report and were not reported from
the  same plant by Kumaresan et al. [25]. Mastitis is one of
the  most serious problems creating havoc in dairy indus-
try  causing great economic losses in terms of decreased
milk production [26]. Coliform bacteria are responsible for
many  cases of acute clinical mastitis. They also cause sub-
clinical  infections that persist for longer period of time.
Coliform bacteria like K. pneumoniae, E. coli, Enterobacter
aerogenes and Serratia marcescens are four coliform bacteria
that  cause mastitis. Among them K. pneumoniae and E. coli
are  more common [27]. Research has shown that contam-
inated bedding is the main cause of udder infection and
clinical mastitis. In the present study, the endophytic fungi
G.  acutata EF15 showed potent activity against both the test
Fig. 3. Cavity formation in Klebsiella pneumoniae cell treated with endo-
phytic fungi extract.
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Fig. 4. Micrograph showing shrunken and wrinkled Klebsiella pneumoniae
bacterial cell.
Fig. 5. Collapsed and disintegrated Klebsiella pneumoniae bacterial cells
losing their normal morphology.
Fig. 6. Scanning electron micrograph of Escherichia coli having normal rod
shaped cells.
Fig. 7. Micrographs showing rupturing of the cell membrane of
Escherichia coli.
Fig. 8. Cavity formation in the bacterial cells of Escherichia coli treated
with endophytic fungi extract.
Fig. 9. Deformed Escherichia coli bacterial cells losing their normal cell
morphology after treatment.
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athogens K. pneumoniae and E. coli which is in agreement
ith earlier reports [28]. The study indicated the ethanolic
xtract of endophytic fungi showing better antimicrobial
ctivity when compared to the ethanolic plant extract of
he  host plant. One of the mechanisms involved in bacte-
ial  cell destruction is the action of antimicrobial agents
n  the cell membrane of the bacteria [29,30] leading to
omplete damage of the cells. The scanning electron micro-
raphs  clearly indicated that the bacterial cells crumpled,
hrunken and cavities formation were prominent on the
ell  membrane of the bacteria which lead to complete dam-
ge  of the cells corroborating earlier ﬁndings on bacterial
ell  damage [30]. This ﬁnding conﬁrms the potential for
nvestigating endophytic fungi from ethnoveterinary plant,
.  sabdariffa L. as a potent antimicrobial agent against col-
form  bacteria causing mastitis.
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